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Introduction 
Assessment of the mating system of a crop is particularly important for the design of adequate breeding 
and genetic conservation programs. Genetic inbreeding and heterosis, important factors that affect the 
production of the crop, are related to the mating system. Brassica napus L. includes economically important 
crops, such as oilseed rape, rutabaga and leaf rape. B. napus is considered as an autogamous species, although 
in field conditions it has a variable outcrossing rate, between 20 and 40% (Becker et al., 1992; Damgaard and 
Loeschcke, 1994). These estimates had been based on morphological traits or isoenzyme analysis. At present, 
accurate estimates of outcrossing rates can be obtained using multilocus approaches. Also the estimates of 
outcrossing rates in the field are subjected to environmental variation. The objective of this work is to study the 
outcrossing rate in Brassica napus L. cultivated under controlled conditions using a SSR multilocus approach.  
 
Material and Methods 
One local populations of leaf rape: MBG-BRS0039 was chosen from the gene bank at ‘Misión Biológica 
de Galicia’ (CSIC, Spain). A total of 25 SSRs (www.ukcrop.net) were screened in 100 plants of the population. 
Eighteen pairs of plants were placed in isolation cages and bumble bees (Bombus sp) were released for 
facilitating the crosses. A seed sample (around 100 seeds) of the progeny of each plant of each cross was sown 
in seedbeds and the four or five youngest leaves of each individual were collected forty days afterwards. These 
progenies were analyzed by SSRs that were polymorphic in the parental populations. DNA extractions and 
amplifications were performed as described by Soengas et al. (2006). Single and multilocus outcrossing rates 
were estimated using the iterative likelihood procedure of Ritland (1990). Analyses were done with the MLTR 
program for diploid species (Ritland, 1990). Standards errors for the statistics were calculated from 1000 
bootstraps estimated by resampling among progeny families.  
 
Results and Discussion 
SSR Na10-A08 was polymorphic for the population MBG-BRS0039. Details about this SSR are given by 
Lowe et al. (2004). SSR Na10-A08 amplified two different, polymorphic and independent loci: Na10-A08a and 
Na10-A08b. Both loci presented two alleles each (Table 1). 
The program MLTR (Ritland, 1990) produces an estimator of the single outcrossing rate (ts) and the 
multilocus outcrossing rate (tm). The values of ts were very similar for both loci examined (Table 1). The tm 
estimate was equal to 0.33 ± 0.10, which is in agreement with those detected for other B. napus populations 
(Becker et al., 1992; Damgaard and Loeschcke, 1994). The difference between tm and average ts is a minimum 
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estimate of the apparent selfing due to biparental inbreeding, that happens if mating occurs between relatives, 
but this was not the case, since this quantity was close to zero (0.02 ± 0.01). 
The tm computed at a family level gave estimates that ranged from values close to 0.00 (families number 
12 and 13) to values close to 1.00 (families 8 and 15). Most part of the families showed outcrossing rates between 
0.20 and 0.40 (Table 1). The variability of outcrossing rate inside populations of B. napus was observed before 
and it could be the consequence of differences in morphological parameters as the spatial relationship of stigmas 
and anthers (Syafaruddin et al. 2006), the presence of male-sterile plants (Song et al., 2006), the position of the 
flowers in the plant (Becker et al. 1992) or the preference and number of visits of pollinators (Suso et al., 2005). 
Phenotypic variation can be due in part to environmental factors (Becker et al. 1992). However, in our 
experiment, environmental variation was considerably reduced by placing the couples of plants in isolation 
cages. Inside each isolation cage, a couple of plants and a beehive with approximate the same number of bumble 
bees was placed, avoiding in part the preference of the bumble bees for a type of plant. Therefore, we can 
assume that a great part of the phenotypic variation for outcrossing rate is under genetic control. The 
narrow-sense heritability of selfing rate was estimated in the past as 0.41 (Daamgard and Loeschcke, 1994). The 
existence of genetic variability for this trait will be a valuable tool that will allow the study of the genetic 
mechanisms controlling the mating system of this crop; how heterosis and inbreeding depression are affected by 
the outcrossing rate, and the effect on production. Also, if self-sterile or auto-incompatible plants can be selected 
they will become a genetic resource that could be used for breeding purposes.  
Currently more SSRs are being screening at ‘Misión Biológica de Galicia’ (CSIC, Spain) in the population 
studied to verify the the outcrossing rate obtained. Other populations are being screened to test if there is genetic 
variability for this character among populations.  
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Table 1. Allelic frequencies and estimates of outcrossing rates of the two loci studied. 
Locus Alleles Frequencies No1. ts2 Family tm3 No. 
Na10-A08a 1 0.653 ± 0.102 1240 0.31 ± 0.07 1 0.82 ± 0.09 95 
 2 0.347 ± 0.102   2 0.14 ± 0.06 95 
Na10-A08b 1 0.915 ± 0.049 1003 0.30 ± 0.14 3 0.66 ± 0.16 84 
 2 0.085 ± 0.049   4 0.33 ± 0.17 95 
Average ts2   1240 0.31 ± 0.11 5 0.78 ± 0.11 95 
     6 0.38 ± 0.21 82 
     7 0.60 ± 0.06 73 
     8 1.03 ± 0.06 70 
     9 0.29 ± 0.17 85 
     10 0.31 ± 0.12 71 
     11 0.31 ± 0.18 83 
     12 -0.04 ± 0.13 76 
     13 0.04 ± 0.20 81 
     14 0.33 ± 0.09 88 
     15 0.91 ± 0.20 56 
     16 0.24 ± 0.11 95 
     Total 0.33 ± 0.10 1324 
1 Number of individuals employed in the analysis 
2 Single outcrossing rate 
3 Multilocus outcrossing rate 
 
 
